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Recent Researches on Cholera-II* 
How the Modern Physician Solved the Problem of Reducing Deaths from This Dread Disease 

By Lieut. -Col. Sir Leonard Rogers, F. R. S. 

[CaNCLUDED FRaM SCIENTIFIC AMERICAN S UPPLEMENT FaR JULY 12, 1919, No.. 2271, P. 30) 

ALKALIS AND RENAL CaMPLI(;ATIONS. 

"LIGHT was first thrown on this problem by an 
American physician, Dr. Sellards, working in the 
Philippines, who. suspected a diminution in the alkalin
ity af the bload, ar acidosis as it is generally termed, 
because he faund that large doses af alkalis by the 
mouth failed to make the urine alkaline as it wauld do. 
in health. He therefore added sodium bicarbonate to 
the saline solution used in cholera for intravenaus 
injections, and obtained a marked reduction in the 
dpatlfcrate from renal failure. In 1911 Major Megaw, 
when acting for me in Calcutta, read Sellard's wark, 
and tried alkaline solutians intravenously in cases 
of cholera with suppression of urine, but. with dis
appointing results, the measure being apparently tao 
late once this complicrutian' had become eSitablished. 
Early in 1912 I therefore commenced an investigatian 
of the changes in the alkalinity af the blaad in chalera, 
which Sellards had not then d'ane, and finding an ex
treme degree of reduced alkalinity in all cases with 
fatal kidney trauble, with the help of Capt. Sharten, 
and later af Rai Satish Ch Banerjee Bahadur, of 
the Physiological Department, I made a lang series af 
such estimatians in cholera cases, with the result af 
demonstrating that a very marked degree of diminu
tion af the alkalinity af the blood accurred in all 
chalera cases, while ance it reached the extreme degree 
of N/I00 fram a nvrmal af about N/25 fatal suppres
sian of udne taok place in spite of very copious alka
line injectians. It,thus became clear that in all severe 
cholera cases sadium bicarbonate should be added to. 
the hypertonic saline solution as a routine measure to. 
combat the acidasis from the first, and prevent it 
reaching a dangeraus degree. The results af this ad
ditian to. the treatment were soon apparent, and after 
three years' use af the alkaline solutions the death
rate from renal camplicatian among nearly six hun
dred cases had fallen to 2.98 per cent. from a figure 
of 11.1 per cent. during the previous three years, ar a 
reductian of 74 per cent. in the losses from. this deadly 
complicatian, and the last remaining cause af d�ath in 
cholera was thus largely conquered. 

THE DIMINUTION IN THE MORTALITY OF CHOLERA. 

The results may be very briefly summarized in the 
following t!lJble, showing the mortalHy under the dif
ferent forms of treatment, or rather the continued 
elaboration of my system of treatment with increasing 
knowledge derived from combined clinical and patho
logical investigations extending over twelve years, and 
culminating in a reduction of the mortality between 
1895 and 1905, before I began work, of 59 per cent. to 
one of 19.1 per cent. between 1915 and 1917, or one
third of the former rate, ' while in 1917, among 208 
cases, it was but 14.9 per cent., or one-fourth of the 
earlier figure, although all cases admitted moribund 
and dying before a saline injection could be given, thus 
coming late in a hopeless state from suppression of 
urine; and very young and very oid persons without 
the stamina to allow the treatment to have a fair 
chance, are included. I therefore think it may fairly 

Table at Cholera Mortality Under Different Methods 

at Treatment. 

Years Cases Deaths Mortality Recoveries 
Normal Saline subcutaneously and per rectum. 

1895-1905 1243 788 59.0% 4]J}% 

1906 
Normal Salines intravenously. 

H2 57 51.9 49.1 
Normal Saline subcutaneously and per rectum. 

1907 158 94 59.5 4D.5 
Hypertonic Salines intravenously. 

1.908-7-1909 294 96 32.6 67.4 
Hypertonic Salines plus Permanganates. 

8-1909-1914 858 222 25.9 74.1 
Hypertonic Salines, Permanganates, and Alkalis. 

1915-1917 638 122 19.1 80.9 
be chlimed that cholera has n.ow been robbed of most 
of its terrors by simple scientific investigation with the 
aid of physical methods in the use of the hremocrite and 
specific gravity test, chemical research in the use of 
permanganates to destroy the toxins in the 'bowel, and 
alkalis to combat the deadly acidosis and physiologic
al principles feading to the use of 'atropine and the_all
essential hypertonic saline injections. More may yet 

·From the Presidential address to the Indian ,Science 

Congress, Bombay, 1919. 'Reprinted from Nature (London). 

be done, but sufficient has already accrued t o  prove 
the inestimable life-saving and economic value of med
ical research work, and to encourage both administra
tive authorities and philanthropists to look on liberal 
expenditure on medical research as the best possible 
use of pubLic and private money. 

THE FUTURE OF MEDICAL RESEARCH IN INDIA. 

The great lesson to be llerivell from the researches 
on cholera which I have relatell is the importance 
of combined clinical anll pathological investigations. 
So strongly do I hold the necessity of medical re
search workers being in the closest possible relation
ship with large hospitals to enable them to work ,1I1 

practical lines that I regarll Pasteur's great discovery 
of his preventive treatment of hydraphobia as havillg 
been a curse rather than a blessing to. India, ,becam;c 
it has leall to. three important research laboratories 
being placed an remate hilltops for the sake af thc 
relatively insignificant martality from hydrophobia, to 
the grave detriment of work on all the more impartant 
tropical diseases. Now that the treatment af hydro
phobia anll other bacteriological methads can be 
carriell out in the plains with the help af a refrigera
tor, as is being llone at the present time in Rangoon, 
no excuse for further repetitions of this grave mistake 
remain. 

The serious llisadvantage which so many, of the 
members of the bacteriological-or, as it should be 
called, medical research-department now labor under 
by their divorce from large hospitals in the plains 
will be partly removed when the schools of tropical 
mellicine in Calcutta and Bombay are opened, when 
team-work so essential to the solution of the larger 
medical problems will be possible. In addition, all 
the larger hospitals should have whole-time patholo
gists, to enable the abundant clinical material they 
contain to be made available for research, purposes, 
anll also to allow the clinical staff and the patients to 
have the immense advantages in the diagnosis and 
vaccine and other lines of treatment which a bacted-o
logical laboratory affords through recent advances in 
our knowledge of medicine. F'or example, fevers and 
dysentery are the two great causes of disease and 
death in India, but it is only with the help of micro
scopical examinations that they can be ra'pidly diag
nosed and efficiently treated, and without this aid even 
the most experienced physicians too often cannot do 
full justice to their patients. In future, I understand 
pathologists af our medical colleges will be supplied 
from the bacteriological or research department, and 
will make the subject their life-study, and not be eli
gible for clinical posts. In order to get the medical 
officers with the highest abilities and scientific train
ing required for success in research to devote their 
lives to it, and to abandon the much more lucrative 
clinical side of medicine, it will be absolutely neces
sary to give them salaries in propol'tion to the long 
and expensive scientific training of from six to eight 
years which they receive after finishing their general 
school education. 

Now that the war has led t.o careful inquiries into 
scientific education in Great Britain, and a greatly 
increased demand for men of science at home, the diffi
culty in recruiting those required for industr,ial and 
educative progress in India will be much greater than 
hitherto, while it will be still further enhanced by the 
uncertainty of the prospects of young men coming to 
India for their life's work in Government service due 
to the proposed ten-yearly kaleidoscopic chan'ges in the 
constitution of this country. I have felt it to be my 
duty to point out the rocks ahead in this direction 
and to indicate the absolute necessity for much more 
generous treatment in the ,jlllIllP{liate future of men of 
science of all ,branches of knowledge required for 
service in India. 

THE NEED FOR LIBERAL ENDOWMENTS OF MEDICAL RE
SEARCH IN INDIA. 

Lastly, I wish to direct attention to the great life
saving and economic importance of such investigations 
as those which I have related on cholera, and many 
others which might be mentioned; as, when this is 
fully realized by the public, endowments of medical 
research will surely be forthcoming in India on a 
far larger scale than hitherto. Bengal and Bihar 
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have generously given me seven lakhs for the Calcutta 
School of Tropical Medicine, half of which has been 
expended on the Carmichael Hospital for Tropical 
Diseases, and the remainder will be used for medical 
research and the partial upkeep of the hospital under 
a governing body of medical experts. In addition, the 
Tea, Jute anll Mining Associations are contributing 
GO,OOO rupees a year for the support of three addi
tional workers to investJigate on practical lines those 
(liseases which affect the value of the labor forces. 
Bombay has a,lways been noted for the libera�ity of 
her citizens, so I confidently appeal to this great city 
to do at least as much for my friend Col. Liston's 
school here, which he has labored so long and pa
tiently to found in connection with the Parel Labora
tory. 

Now that the world-wide devastation and the de
struction of irreplaceable human life have at length 
ceased, I should like to see the flow of money divertell 
to the noble object of saving life by means of a great 
extension of medical research, and I can conceive of 
no more fitting thank-offering for the delivery of the 
world from the greatest menace that has ever threat
ened modern civilization. 

Hardness Tests for Metals 
THE hardness tests for metals and alloys such as 

are now employed in all advanced workshops and shop 
laboratories are of two classes-the dead 'pressure, 
represented by the Brinell, and the rebounding, of 
which the Shore is typical. Each is convertible ap-

. proximately �nto the other. The two systems are 
rivals, in the sense that special advantages are claimed 
for each, but both are in common use, and are ren
dering invaluable aid in the testing of metals and al
loys and in securing uniformity of results in ma
terials of the same kind when subjected to identical 
treatment. This uniformity is an essential basis of 
the tests, else a piece of chilled cast iron or brittle 
glass or porcelain might be compared with an in
tensely tough case-hardened alloy steel, though the 
materials have nothing in common but the hard 
surface. 

BRINELL SYSTEM. 

In the Brinell test, due to Mr. J. A. Brinell (1900), 
then engineer of the Swedish I<'agersta Iron and Steel 
Works, a hardened steel ball is pressed into the sam
ple to be tested and remains in contact for several 
seconds, the dimensions of the impression being a 
measure of the hardness. As differences in degrees 
of hardness cover a wide range, say, from soft ,lead 
to hardened steel, the tests are divided into two group,;, 
one for iron and steel, the other for the softer ma
terials. 

The standard Brinell ball measures 10 mm. (0.3937 
in.) in diameter. It is forced in to the specimen with 
a pressure of 3,000 kg. (6,614 lb.) "in iron and steel, 
and 500 kg. (1,102 lb.) in the softer metals. The diam
eter of the impression made is measured with a mi
croscope, and the spherical area of the concavity is 
calculated. Tables are prepared in which the calcu
lations for hardness numerals are given through a 
large range of diameters of impressions, from 2mm. 
to 6.15mm., and for the two standard pressures of 
3,000 and 500 kg. 

The hardness numeral is made a measure of the 
ultimate strength of iron and steel. It is multiplied by 
a constant coefficient that was derived from an ex
tensive series of experiments. Two coefficients are 
used for hardness numerals below 175, and another 
pair for those above 175. The two for a series corre
spond with impressions effected respectively in the 
direction of rolling and transversely thereto. They 
are respectively 0.354 and 0.362 for the numeral'S 
below 175, and 0.324 and 0.344 for the ' numerals above 
175. Multiplying the hardness numerals by these co
efficients gives. the ultimate strength of tbe materials 
in kilograms per square millimeter. 'llhe (results, 
which if desired, can be converted into pounds per 
square inch, agree very closely with the tensile tests 
obtained from ordinary test pieces. 

The limitations as well as the value of the Brinell 
hardness test are apparent. The results are compara
ble only when identical materials are subjected to 
precisely similar treatment. Any variation requires 
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a new set of coefficients, but within these limits the 
results are very close and reliable. Their great ad
vantage is, that without preparing test pieces, and 
without inflicting injury on the article being manu
factured, its tensile strength can be rapidly ascer
tained well within the range of limits of accuracy 
that are required. Further, when articles have been 
subjected to heat treatments of a localized character, 
the local effects of these can be ascertained. Shells, 
for example, are tested over different areas correspond
ing with higher and lower tensile strengths. 

The applications o� the Brinell method cover prac
tically the whole of the work of metallurgy in foundry 
and machine shop manufactures, in the laboratory, 
and in the hardening shop. There is no stage in the 
range of operations where the Brinell tests are not 
applied. They test uniformity of composition, homo
geneity, the effects of hardening and of annealing, of 
temperature, of quenching liquids, of cold working, and 
much else. 

SHORE SCLEROSCOPE. 

With the Shore scleroscope (1907) the hardness of 
metals is ascertained from the rebound of a minute 
drop hammer from the specimen. The harder the ma
terial the higher the rebound. The instrument com
prises a little cylindrical drop hammer weighing about 
1/12 ounce with a cylindrical body, which falls 10 
inches through a glass tube with an accurate bore 
and rebounds after impact with the specimen. The 
test does not depend on the impression made, which 
is slight, but on the height of the rebound of the 
hammer. The diamond striking-point is slightly spher
ical and blunt, about 0.020 inch in diameter. The 
tube is graduated as high as 140. On the scale of 
graduations quenched steel is represented by from 90 
to 110; lead from 2 to 7. The height of fall and the 
weight of the hammer concentrated on the' small 
rounded point produce a force which is equivalent to 
about 500,000 pounds per square linch. Quen�ed 
steel is arbitrarily taken as 100 hard. As this pres
sure exceeds the elastic limit of the hardest steel, all 
other materials fall lower. But the scale is graduated 
above the standard hardness degree of 100, which is 
placed at about 68 per cent. of the total height. The 
ex'planation lies in the work that is done in the mak
ing of a permanent impression by the hammer. Its 
amount depends on the hardness of the material, which 
offers resistance to penetration in proportion to its 
hardness. As the hammer always delivers a blow of 
the same energy, the penetration and the rebound vary 
with the hardness. If a rebound of 75 is given on 
hard steel, 15 per cent. has been spent in the effort of 
the hammer to overcome the resistance of the steel 
to penetration. In the case of lead, at the other ex
treme, t'he energy is nearly all spent in effecting pen
etration, the rebound being from 3 to 7 divisions only 

, on the scale. 
Certain precautions are necessary 'if tests are to be 

taken accurately. The dimensions, the mass, and the 
manner of support influence results to a remarkable 
extent. There must be no elasticity in the support of 
the specimen, if accurate results are expected. The 
work may be brought to the instrument, or the latter 
may be set on the work., 

LIMITATIONS. 

The limitations of all hardness tests must be clearly 
realized. The resistance of a material to penetration 
is termed its quantitative hardness. The limitations 
which vary with all conceivable conditions of work
ing are quantitative, and are concerned with anneal
ings, tensile hardness, fiber, and so on; tests, there
fore, are of value only when they are restricted to 
and relate strictly to the same qualitative conditions. 

Within these strictly determined limits hardness 
tests are of great utility both in the selection of raw 
material and during the progress of operations which 
involvte hardening, tempering, and heat treatments 
generally. The first essential is to determine a stan
dard of hardness which corresponds with a definite 
standard of ' efficiency. The tests taken will then se
cure a degree of uniformity sufficiently close for all 
practical purposes. In ordering material the hard
ness test is specified with a certain percentage of 
permissible variation. In some materials the ductil
ity is included; in others some at least of the elements 
of the chemical composition, as the carbon content in 
steels, and so on, leaving to the manufacturer the 
more precise selection of alloying elements. The 

' hardness scales for every separate element in motor-
car work and in specialized engineers' work are now 
in many cases settled and standardized. Cams, gears, 
shafts, axles, keys, nuts, springs, frames, even the 
castings for cylinders and ·other parts, all have their 
hardness numbers in present-day practice, and as 

metals and alloys variously treated have been stan
dardized as regards hardness values on the Shore 
scale, comparisons can be made with the hardness 
tests. 

APPLICATIONS. 

One of the numerous valuable applications of the 
hardness test is to parts of mechanism in frictional 
contact. The fact is familiar that when two such 
surfaces run together, the harder will wear the softer, 
and the latter should be the more readily renewable. 
Hardness tests reveal these relations, and are there
fore used in all kinds of bearings. 

The hardness tests have their most useful applica
tions in connection with the extensive practice of heat 
treatment. They are misleading and useless, as' has 
been pointed out, for comparing dissimilar materials, 
but for the results that follow annealing, hardening, 
or case-hardening of identical materials they establish 
a standard which secures uniformity with the least 
possible trouble and expense. Brass cartridge cases 
afford an instance of repetitive tests. The hardness 
which these develop after each separate drawing ren
ders annealing necessary. The tests are made before 
and after each redrawing or annealing operation. 

The influence of the motor-car industry and the 
enormous and ever-increasing numbers of internal 
combustion motors employed for water and air craft 
�ave introduced the hardness tests into hundreds of 
shops. The stresses of service are so severe and pe
culiar that a large number of alloy steels of definite 
average chemical compositions have been standardized, 
and the heat treatment that is suitable for each has 
been defined within fairly close average limits. For 
some purposes these steels require equal toughness and 
strength throughout;' others, which are subjected both 
to intense stress and to hard frictional service, must 
have tough ,cores and case-hardened surfaces. The be
havior of steels from the same melt, and subjected to 
identical treatment, is frequently uncertain. A micro
scopical examination would usually reveal the charac
ter of the structure, from which, its behavior might be 
inferred, but a far more rapid test is necessary in the 
shops, and this is supplied by the Brinell and the Shore 
methods. At every crucial stage of manufacture these 
tests are applied and serve as checks upon the heat 
treatment. In the case of springs-leaf, volute, and 
spiral, large and small-tempering is done by a work
man of long experience arid the result is tested by the 
power of recovery of the springs after straightening, 
or bending, or compression. The hardness tests are 
now employed to ascertain the average hardness that 
is required in a ,strong spring, which is from 75 to 80 

on the scale of the Shore instrument. 
• 

The application of the hardness test to tool steel is 
hedged with limitaitons that inevitably throw the ma
chinest back on the old actual cutting tests. In theory 
it has been laid down that if the comparative hardness 
between the tool and the work is as 3 to 1 or 4 to 1 
the tool will be efficient. But this quantitative test 
is not reliable when applied to tools of high-speed steel, 
which work most efficiently when heated. The whole 
subject is very complicated. ,professor Arnold, who 
has recently attacked its theory, asserts that there is 
no relation between Brinell hardness and lathe effi
ciency, and that this efficiency depends entirely on the 
thermal stability of the simple ,or compound hardenites 
in the hardened steel. The thermal stability denotes 
the capacity which the hardenites have of becoming 
softened by heat. Thus the simple hardenite of plain 
carbon steel has a limit of thermal stability of less 
than 3000 c., while the compound hardenite of a car
bon�tungsten-chrome-vanadium steel may be stable up 
to 7000 C.' The Brinell hardness of the first might 
be 700 against 600 for the second, but its endurance 
only from 0.2 to 0.3 per cent. of the second.-London 

Times Engineering Supplemont. 

The Trim of Ships-Effect of Speed* 

THERE is a popular idea that a boat gradually rises 
out of the water with increase of speed. Actually a 
number of changes take place with regard to the trim 
and immersion of a vessel as her speed is increased, 
and careful observations have been carried out to re
cord these effects. 

The water round a moving vessel acts in a different 
way from water at rest. Varying pressures are set. up 
round the ship which are quite distinct from the hy
drostatic pressure in still water. - These pressures 
form the waves that accompany a ship in motion. Ow
ing to the comparatively high velocity of the watE'r 
amidships, there is a reduction in pressure there which 
lowers the water levtel as well as the ship compared 

·,See also 8<:1. AMER. SUPPL., ,Feb. 1, 1919, No. 2248, p. 75. 
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with the ordinary surface of the water. At the bow 
and stern the pressures are above the normal, and al
together there is a change of trim. Slow-moving ves
sels, or, to be more accurate, vessels whose speed in 
relation to their length is small, do not exhibit these 
phenomena to any marked extent, but quite ,appreciable 
changes take place with fast vessels. It is not easy 
to take actual measurements of these quantities, but 
Mr. D. W. Taylor, of the United States Navy has made 
some extensive experiments on models. In the full
size ship the propeller would alter the results some
what, although the difference is not great, and gener
ally would cause the vessel to sink slightly more by 
the stern. 

SOME CHANGES OF TRIM. 

In all ships at low and moderate speeds the bow and 
stern both alike settle, and this effect is much greater 
in extent for full and, short vessels of the cargo type 
than for long fine vessels of the passenger class. It is 
sometimes thought that vessels in motion rise above 
their ordinary level in still water. This idea would 
appear to be confirmed from experience with very fast 
motor-boats and hydroplanes. �'hey actually do rise 
above their origina11evel, but it must be remembered 
that their speeds in relation' to their very short lengths 
are high, and similar corresponding speeds are never 
obtained in ordinary ships. A normal vessel will 
always sink bodily, but, as has been pointed out, the 
water surrounding it-especially amidships-is de
pressed, and in consequence it appears as though the 
vessel had risen. Low and moderate speeds do not 
give anything like the variations of trim and draft 
that occur with high speeds. The change of trim that 
takes place can best be illustrated by an actual exam
ple. With a torpedo-boat destroyer 290 feet long only 
moderate effects occur up to a speed of about 17 
knots, the bow and stern both settling. The bow then 
begins to settle more slowly and ceases to do so, at 
191,.2 knots, when it begins to rise fairly rapidly, at
taining its original level at about 23 knots. The 
stern sinks very rapidly at speeds above 20 knots
much more rapidly than the bow rises-with the result 
that the ship settles down and increases her trim by 
the stern very largely. In the neighborhood of 30 
knots the 'stern is sinking less rapidly than the bow 
is rising; the body settlement therefore reaches its 
maximum. At a speed of about 31 knots in this boat 
the stern remains practically stationary, but the bow 
continues to rise with increase of speed, so that the 
vessel rises bodily at speeds above this. 

The speeds mentioned are quite within the ordinary 
range of practice for a boat of this type, and it is in
teresting to study the figures for· the- changes in trim. 
Up to the speed of 191,.2 knots already referred to there 

. is very little actual change, but at 26 knots the bow 
would have risen about 15 inches and the stern sunk 
about 4 feet; at 31 knots the bow would have lifted 
by over 3 feet, while the drop at the stern would be 
about 5 to 6 inches.' Going to higher speeds still, at 
36 knots the bow would have risen 4 feet and the stern 
would have sunk 5 feet 6 inches. This represents an 
actual change in trim of 9 feet 6 inches, entirely pro
duced by the movement of the ship. Some idea of the 
force actiIig on the boat may be formed when it is 
stated that to produce this change of trim with the 
boat in still water a force-couple of 30,000 t'ons-feet 
would have to be exerted on the vessel, which is 
equivalent to moving a weight of 100 tons in the ship 
from the extreme forward to the extreme after end. 

RESISTANCE AND TRIM. 

It is sometimes thought that this change of trim, hy
droplane action, as it is sometimes called, adds consid
erably to the resistance of the ship. In reality, it is 
a result of resistance and not a cause of it. Since 

- there is a definite change of trim in any particular 
'boat associated with a given speed, instruments have 
been devised to measure this change in trim with 
the object of predicting the speed of the vessel. Very 
little success has attended these efforts, however, since 
-particularly if a fluid is used to measure the change 
in trim-it is difficult to allow for the effect of the 
acceleration of the vessel on the fluid. In addition, 
unless the water is perfectly still, changes of trim 
will be brought by the action of the waves"and entirely 
destroy the accuracy of the instrument. 

SQUATTING. 

It is well known that there is some critical speed 
in all fast vessels at which the trim changes rapidly. 
It is sometimes called the "squatting" speed. In the 
290-foot destroyer alreadY referred to this sudden 
change occurs at a speed of about 20 knots. It really 
shows that the wave-making resistance is beginning 

( Concluded on p. 64) 
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with which he produced a number of selenocyanides 
and investigated them in detail. During the purifica
tion of the selenium several by-products were obtained, 
and certain of them when examined by the new spec
troscopic method gave the beautiful bright greell line 
afterwards proved to be characteristic of thallium, 
and so named because the color of the line suggested 
that of the young green shoots or twigs of early spring. 
This somewhat lead-like metal of high density (11.9) 
has a high atomic weight of 204, which Crookes deter
mined with great accuracy, making his weighings on a 
balance which was enclosed in a case from which air 
could be exhausted to a great extent in order �o di
minish errors from unequal air displacements. When 
weighings were made in vacuo and in full daylight, 
irregularities in the action of the balance, became evi
;\ellt to the keen observer, for which he could not ac
count. These observations were followed up when the 
thallium work had been completed, and it was found 
that light objects which were free to move in high 
vacua could be made to do so by mere exposure to light 
as in the now familiar "Crookes radiometer," the vanes 
in which are set in rapid motion when a beam of sun
light is allowed to fall on the apparatus. This study of 
such "repulsion resulting from radiation" was pursued 
by Crookes with extraordinary skill and ingenuity in 
devising experiments in various directions, and thus 
he opened up a new and wonderful field for research 
in molecular physics. 

Crookes had a strong vein of mysticism in his char
acter and a leaning towards the occult, as we know 
from his own writings, and ue was at first rather dis
Ilosed to regard the phenomena he was investigating 
as being due to a new and mysterious force; but this 
quickly gave way to the idea that the radiometer is a 
"light mill" in which there is a direct conversion of 
light into motion. This was in turn dissipated when G. 
Johnstone Stoney pointed out that the motion of the 
vanes in the radiometer was probably due to their 
bombardment by the residual molecules of the highly 
rarefied air in the bulb being projected from the rela
tively warm sides against the movable vanes. Crookes 
devised many beautiful experiments in order to test 
this theory of molecular bombardment and satisfied 
himself as to its essential validity. He was led on to 
the study of kathode rays and the bombardment with 
them of various forms of solid matter which became 
phosphorescent under their impact. The character of 
the light emitted under these conditions, when exam
ined spectroscopically, showed bright lines which 
Crookes regarded as' characteristic of the materia!. He 
considered the exciting agent to be "radiant matter" 
irr these cases, and the method as "radiant matter spec
troscopy" on which investigations he expended much 
time and labor. 

It so happened that Crookes had undertaken the 
separation of the rare earths of gadolinite and samar
skite and used his new method, which he regarded as 
affording characteristic tests for the recognition of and 
as aiding in the separation of certain of those rare 
earths. There are doubts as to the value of this mode 
of identifying the substances, and also as to the exist
ence of "radiant matter," but the phenomena observed 
materially assisted in the separations carried out by 
Crookes, and the extraordinary phenomena provided 
by radium and its "emanation" have disarmed criti
cism of the term "radiant matter." Needless to say 
Crookes was deeply interested in the modern work on 
radio-activity, and contributed many observations of 
interest, in addition to the production of the "spin
thariscope" in which a screen of natural zinc sulphide 
is made to scintillate by the alpha particles projected 
from radium. He further studied the action of radium 
emanation on glasses, various gems and diamonds, and 
often exhibited a fine diamond which was originally 
colorless but had taken on a greenish-blue tint after 
retention for some time in contact with radium salts.1 

While Crookes' fame rests chiefly on the discovery 
of thalliUm and his long-continued and brilliant re
searches in the chemico-physical directions above out
lined he took much interest at various times through
out �is life in other subjects, including his well-known 
spiritualistic studies-which we but mention here-and 
his speculations on "The Genesis of the Elements." 
The latter was the. chief topic of his address to the 
Chemical Section of the British Association in the au
tumn of 1886 at Birmingham. The present writer 
well remembers a day in the early summer of that 
year when his laboratory in the University was hon
ored by a visit from the president of Section B, 
whose keen eye noticed a diagram which was used as a 
pictorial illustration for lectures on the Periodic Law. 
He immediately caught the idea, saying "It is the very 
thing I wanted," and used it in modified form, and 
with generous. acknowledgment, in his presidential ad
dress. He further expanded his speculations as to the 
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origin of the elements from what he termed "protyle," 
when president of the Chemical Society some two years 
later. Again, Crookes took an active part in the exam
ination of the double spectra of argon shortly after the 
discovery of the first of the inert elements by Lord 
Rayleigh in collaboration with Ramsay III 1894, and 
later on of helium. 

Many other illustrations might be given of Sir 
William Crookes' varied activities in pure and applied 
SCience, but probably the most remarkable was his 
unexpected excursus into economics in his address on 
the "Wheat Problem" when president of the British 
ASSOCiation at Bristol in 1898. Of this address he 
said later, with dry humor, that "he had afterwards to 
write a book in order to explain it." 

In addition we can but mention such Subjects as 
water purification and examination, sewage treatment, 
electric tanning, dyeing, disinfection in cattle plague, 
and, latest of all, the production of eye-preserving 
glasses for spectacles, and further to point out that 
he translated a number of foreign technical works of 
varied value, and compiled his well-known and useful 
"Select Methods of Chemical Analysis." 

From 1861, when he discovered thallium, Crookes 
was the reCipient of many honors. Elected a Fellow 
of the Royal SOCiety in 1863, he presented to that body 
most of his scientific memoirs; he was three times 
selected as Bakerian Lecturer and was the reCipient 
of the Copley, Royal and Davy Medals; he became 
Foreign Secretary in 1908 and President in 1913. In 
1912 he was awarded the Medal of the Society of 
Chemical Industry. Honorary science degrees from 
Cambridge, Oxford, and several other universities were 
conferred on him; while he became president of sev
eral ' home societies and many foreign academies and 
societies gladly enrolled his name among their spe'
cially honored members . He was knighted in 1897 and 
received the Order of Merit in 1910. 

Sir William Crookes married Miss Ellen Humphrey 
in 1856, and they commemorated their golden wed
ding in 1906. Lady Crookes predeceased Sir William 
in 1916.-J. EMERSON REYNOLDS, in Jour. Soc. Chem. 

Indus. (London). 

The Trim of Ships-Effect of Speed 
(Concluded from p. 59) 

to form a large percentage of the total resistance of 
the ship, and is becoming the predominating factor 
in the resistance. In the destroyer in question, the 
first hollow of the bow wave is approximately amid
ships for this speed, the second crest being a t the 
stern. As the speed increases the hollow in the 
wave moves aft and the stern drops into it, causing 
the change of trim, and as the speed is further in
creased the vl'ssel is practically running on th� back 
of her own bow wave. 

SHALLOW WATER EFFECTS. 

Shallow water also produces changes of trim, hut 
different in degree from those of deep water. In 
1907 some important experiments were carried out by 
Sir Philip Watts, the late Director of Naval ' Con
struction, on a torpedo-boat destroyer, in order to 
compare the effects in deep and shallow water. The 
vessel' was run at Skelmorlie, on the Clyde, where 
the water is deep enough not to produce any shallow 
water effects, and also on the Maplins, where the 
average depth is only 7% fathoms, as compared with 
40 fathoms at Skelmorlie. In the deep water it was 
found that the trim by the stern'increased continu
ously with the speed. In the shallow water it first 
increased rapidly, attaining a maximum at about 22 
knots, and then fell off until 28 knots speed was 
reached. After this it increased again, roughly at 
about the same rate as in deep water, until 30 knots, 
but it was 18 inches less in amount. Finally, the max
imum reached in shallow water was approximately 
th(' same as that attained at full speed in deep water. 

It may be generally stated that in shallow water 
sudden change of trim occurs at a lower speed than 
in deep water, and the shallower the water the less 
the speed at which this takes place. 'On the other 
hand, it will not usually happen that vessels will run 
at very high speeds in shallow water, so that for all 
prohable speeds the change of trim will he greater in 
shallow water than in deep. 'fhis consideration has 
a practical bearing for boats running in water where 
the depth is limited, since the (lraft at the stern will 
he greater than that measured when the vessel is at 
rest. 

RESTRICTED CHANNELS. 

In spite of the fact that few vessels attain really 
high speeds in shallow water, there is some in
crease of draft at the stern even in large vessels 
moving moderately slowly in shallow water. This 
subjeit has been investigated by Mr. H. N. BabCOCk, 
with special reference to the New York Harbor chan-
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nel. From time to time there h,ad been reports that 
large vessels had touched bottom in places where the 
depth of water was greater than the still-water drafts 
of tHe steamers. Mr. Babcock's observations were 
made on liners of about 500 ft. to 600 ft. in length. 
Two sets of observations were carried Qut--one where 
the depth of water was abollt 90 feet and the other 
where it was about 33 feet. Naturally, some diffi
culty was experienced in taking accurate measure
ments, but his conclusions were that when the ;;;till
water clearance under the keel is less than about ]0 
per cent. of tue draft, the increase i n  draft in feet 
would be about one-fifth the speed of the ship in mile,; 
per hour; and for a clearance of about 30 pcr cent. 
of the draft, the increase in feet would be about one
tenth of the speed of the ship in m iles per ll(>uf. 
Thus a large liner, say, of the size of the MauretaTlia 
or Olympic, drawing about 33 feet of water, would 
practically touch the bottom at 36 feet if she were 
run at a speed of about 15 knots. 

There are other matters to which attention must be 
paid in fast-moving boats on account of this large 
change of trim at high speeds, and it is a distinct ad
vantage in that it slightly increases the immersion of 
the propellers.-London Times Engineering Supple-

1nent. 
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